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1. A very narrow band two chamber high repetition rate gas discharge laser system 
comprising: 

A) a first laser unit comprising: 

1) a first discharge chamber containing; 

a) a first laser gas 

b) a first pair of elongated spaced apart electrodes 
defining a first discharge region in vjWxch first 1a<;er 
gas discharges accur^ each prndiirJng a fi rst laser 
output light piilse^ 

2) a first fan for producing sufficient gas velocities movement of 
said thfi first laser gas in said thfi first discharge region to clear 
from said the first discharge region, following each p ulse 
discharge., substantially all discharge produced ions prior to a 
next puls e discharge when operating at a discharge repetition 
rate in the range of 4,000 pulses discharges per second or 
greater, 

3) a first heat exchanger system capable of removing a t least 16 
kwtrfheat energy fi-om said the first laser gas, 

4) a line narrowing unit for narrowing the spectral bandwidth[s] 
of the first laser light output pulses produced in said thfi first 
discharge chamber, 

B) a second laser unit comprising: 

1 ) a second discharge chamber containing: 

a) a second laser gas, 

b) a second pair of elongated spaced apart electrodes 
defining a second discharge region in which second 
laser gas discharges occur, each producing a second 

laser output light pulse; 
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2) a second fan for producing sufficient gas veloci t ies mnvemftnt 
of said the second laser gas in said the second discharge 
region to clear from said the second discharge region, 
following each ptrfsc discharge, substantially all discharge 
produced ions prior to a next ptrtec dif^charge when operating 
at a discharge repetition rate in the range of 4,000 pulses per 
second or greater, 

3) a second heat exchanger system capable of removing at least 
16 kw of heat energy from said the second laser gas, 

a pulse power system configur e d to provid[c]ing electrical pulses to 
said the first pair of electrodes and to said the second pair of 
electrodes sufficient to produce first and ^PicnnH laser mitpnt light 
pulses at rates of about 4,000 laser mitpnt light pulses per second 
with precis e ly controlled pulse energies mmpnging- in excess of 
abou t 5 mJ, and 
a DC power supply 

2) a first commentator m ndiile mmprking- 

^ a first charging capar.itor eler.trira Hy rnnnerteH to the 

Pr power supply; 

h) a first switch periodieally switehin g the energy stnroH 

on the first charging eapaeitor Into a first pnlse e ompressinn 
circuit electrically ennneeted to the first rharging raparitnr' 

C) a first multi-core fi^ctional turn voltage step-np 

transformer eleetneaUy eonneeteH to the first pulse 
compression eirrnit; 

3) a first pulse compression head modnle romprising- 

a) a — second — puLse — compression cimiit elertrieally 

connected to the first voltage ste p-up transformer; 

h) a first nulse capacitor electrically connerteH to the 

second pulse compression eirenit an d eleetrieally eonneeteH 
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across the first pair of spaced apart elertroHftg; 

^) a second cnmmiitator module co mprising- 

a) a second charging capacitor ele ctrically connected to 

the DC power supply; 

h) a second switch periodically switching the energy 

Stored on the second charging capacitor int o a third pulse 
compression circuit electrically connected to the second 
charging capacitor; 

C) a second multi-core fractional turn voltage step-np 

transformer electrically connected to the third pulse 
compression circuit; 
4) a second compression head mod ule comprising- 

a) a — fourth — pulse — compression circuit electrically 

connected to the second voltage step-up tra nsformer; 

h) a second peaking capacitor electrically con nected to 

the — second pulse compression circuit and electrically 

connected across the second pair of spaced a part electrode«s; 
andj 

D) a laser beam measurement and control system for measuring at least 
one of the pulse energy, wavelength and or bandwidth of the second 
laser output light pulses produced by said two chamber las e r system 
and controlling said the second laser output light pulses with m a 
feedback control[ler] ar r ang e men t. 

2. A laser system as in Claim 1 wherein said the first laser unit is configured as 
a master oscillator and said the second laser unit is configured as a power amplifier. 

3. A laser system as in Claim 2 wherein said the laser gas comprises argon, 
fluori[dc]nfi and a htiflFer gas neon. 
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4. A laser system as in Claim 2 wherein said the laser gas comprises krypton, 
fluorine and a buffer gag neon. 

5. A laser system as in Claim 2 wherein said the laser gas comprises fluorine 
and [a] the buffer gas is chosen from a group consisting of neon, helium or a mixture of 
neon and helium. 

6. A laser system as in Claim 2 wherein [said] the power amplifier is 
configured for achieves amplification at lea<st in part diie to two beam passes through the 
second discharge region. 

7. A laser system as in Claim 2 wherein said the power amplifier achieves 
ampHficatinn is configured for Hne to at least four beam passes through the second 
discharge region. 

8. A laser as in Claim 2 wherein said the master oscillator comprises is 
configured to provide a resonant path making two passes through said the first discharge 
region. 

9. A laser as in Claim 2 wherein said the master oscillator is configured t o 
p rovide comprises a resonant path making two passes through said the first discharge region 
and wherein said the power amplifier is configured f o r comprise a path for at least four 
beam peisses through the second discharge region 

iO: A laser system as in Claim 1 and f u r ther comprising an optical t abl e fo r 

supporting resonan t cavi t y o ptics of said first laser unit independent of said firs t dischai ' ge 
chamb er . 

i+: A laser sys t em as in Claim 7 wh er ein said o p t ical t able is gen e rally U-shaped 

and defines a U-cavi t y and wh e rein said first discharge chamber is mounted within the U- 
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iS: A laser as in Claim 1 aiid farther comprising a vertically ntouiitcd op t ical 

table with said Fn st and sec o nd discliargc chambers m o un te d o n said vertical optical table. 

A laser system as in Claim 1 wh e rein each of said first and second laser 

chambers d e fine a gas flow pa t h wi t h a gradually increasing cross section downs t ream of 
said electrodes to periuii iccovcry of a large percentage o f static pressure drop occurring in 
tlie discharge regi o ns. 

i4: A laser as in Claim 2 and wher e in said chamber als o c o mprises a van e 

stmctu rc upstream of said discharge regi o n for normalizing gas veloci t y upstream of said 
discharge region. 

+5: A laser as in Claim 1 wherein said first fan and said second fan each are 

tang e n t ial fans and each comprises a shaft driv e n by two bmshless DC mo to rs. 

A las e r as in Claim 15 wh e rein said mo t ors aie wat e r cooled motors. 

¥h A laser as in Claim 15 wher e in e ach of said motors coniprisc a s t ator and each 

o f said m o tors c o mpris e a magn e tic rot o r c o ntained in a pressure cup sepai ' ating a said stator 
fi - om said laser gas. 

ift A laser as in Claim 1 wherein said first and second fans ai - e each tangen t ial 

fans each comprising a blade s tr ucture machined fi- o m said aluminum stock. 

+9: A laser as in Claim 15 wh e rein said blade s t mc t ur c has an outside diame t er of 

about five inches. 

26: A laser as in Claim 19 wherein said blade structures c o mprise blade elements 
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ih A laser as in Claim 15 wher e in said mo to rs are scnsoilcss m ot ors and furth e r 

comprising a master motor con t roll e r for con t rolling one of said mo t ors and a slav e motor 
controlle r fo r controlling the oth e r motor . 

22: A las e r as in Claim 15 wherein each o f said tmigential fans comprise blades 

which are aiigled wi t h respect to said sha ft . 

23: A laser as in Claim 1 wherein each fimi e d h e at exchange r syst e m is water 

cool e d. 

24: A las e r as in Claim 23 wh e rein e ach heat exchanger sys t em comprises a t least 

f o ui - sepai - ate water cooled heat exchangers. 

25:: A laser as in Claim 23 wher e in e ach heat exchaiiger sys t em compris e s at least 

one heat exchang e r having a tubulai - water flow passage wher e in a t l e as t one t urbula t or is 
located in said path. 

26: A laser as in Claim 25 wherein e ach o f said four heat exchangers c o mprise a 

t ubular wat e r flow passage containing a turbulat o r. 

27. A laser as in Claim 1 wherein said the pulse power power system comprise[s] 
water cooled electrical components. 

28. A laser as in Claim 27 wherein at least one of said the water cooled 
components is a component operated at high voltages in excess of 12,000 volts. 

29. A laser as in Claim 28 wherein said the high voltage is isolated from ground 
using a[n] water conled inductor t hr o ugh which cooling water flows . 
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30. A laser as in Claim 1 wherein said the pul&c pow e r system the nr power 
<;ii pply comprises a resonant charging system to charge [a] the charging capacitor first and the 
5;ecnnd to a precisely controlled voltage. 

31. A laser as in Claim 30 wherein said the resonan[cc][t] charging system 
comprises a De-Qing circuit. 

32 . A laser as in Claim 30 wherein said the resonan[cc][t] charging system 
comprises a bleed circuit. 

33. A laser as in Claim 30 wherein said the resonant charging system comprises a 
De-Qing circuit and a bleed circuit. 

34. A laser as in Claim 1 wherein said the pulse power system comprises a 
charging system comprised of at least three power supplies arranged in parallel. 

35: A las e r as in Claim 1 wherein said las e r beam measur e m e n t and con t rol system 

comprises an ctal o n uni t , a photo diode array, a programmable logic device, and optics t o 
focus laser light from said e t al o n unit on to said pho t o diode array wherein said 
progi - ammable l o gic d e vice is prograinm e d t o analyze data from said phot o diodc array t o 
determine loca t ions on said photo di o d e aiTay of c t alon fr ing e s. 

5&. A laser as in Claim 35 wh e r e in said m e asur e m e nt an c o n t r o l system also 

comprises a micr op r o c e ssor pr o gi ' ammcd t o calculat e wavelength and bandwidth fr ' om fi - ingc 
da t a l o ca t ed by said pr o grammable logic device. 

S9: A laser as in Claim 35 wher e in said pr o grammable logic device is 

programmed with an algorithm for calculating wavelength and bandwidth based on 
measurement o f said fringes. 
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58: A las e r as in Claim 37 wherein said progiaiiiniable logic device is configur e d 

to mak e calcula t ions of waveleng t h and bandwidth faster t han 1/4,000 o f a second. 

99: A laser as in Claim 35 wherein said ctalon unit comprises a dcfractive 

diffusing e l e men t . 

46: A las er as in Claim 1 and f urther comprising a lin e nai ' rowing uni t c o mprising 

a t uning mirror driven at l e ast in pait by a PZT drive. 

4h A las e r as in Claim 40 wherein said t uning mirr o r is also driv e n in pait by a 

s t epper m ot or. 

42: A laser as in Claim 40 and fuitli e r comprising a pre t uning means. 

45: A laser as in Claim 40 and further comprising an active tuning m e ans 

comprising a l e arning algorithm. 

44: A las e r as in Claim 40 and fuiUier comprising an adaptive feed foiivai ' d 

algorithm. 

45: A las e r as in Claim 40 wherein said line nar ro wing uni t c o mprises a gra t ing 

d e fining a gra t ing fac e and a purg e means fo r foroing purg e gas adjac e n t t o said gi ' ating fac e . 

46: A laser as in Claim 1 wherein said line narr o wing uni t also comprises a four^ 

prism b e am expander configur e d t o e xpand a beam in a single direction by a fac t or of abou t 
45: 

4?: A laser as in Claim 40 wherein said purge gas is helium. 
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48: A la& c i as in Claim 1 and f urther comprising a ni t rogen purge sys t em 

comprising a ni t r o gen puige sys t em c o mprising a nitrogen fil t er. 

49: A las e r as in Claim 1 and furth e r comprising a nitrog e n purge system 

comprising a purge module comprising f low moni t ors said laser als o comprising purg e 
exliaus t tubes for transporting exliaust purge gas from said lase r . 

50: A laser as in Claim 1 and f iirtlier c o mprising a shu t ter unit comprising an 

electrically opera t ed shu t ter and a pow e r me t er which can be position e d in a las e r o u t put 
beam pa t h wi t h a command signal. 

5h A laser as in Claim 1 and f ui t li c r c o mprising a b e am e nclosure system 

providing a fa st beam s e al be t w e en a first window o f said first chamb e r and line naiT o wing 
unit and a s e c o nd b e am seal betw ee n a second window of said first chamb e r and an ou t put 
coupler uni t , each of said beam seals comprising a metal bellows. 

52: A laser as in Claim 51 wherein e ach of said Fu st and second beam seals are 

configured to permit e asy replacem e n t of said las e r chamber. 

53: A laser as in Claim 51 wherein e ach of said b e am seals contain n o elastomer, 

pr o vid e vibration isolati o n fr o m said chamber, provide b e am ti ain isolati o n fiom atmospheric 
gases and permi t unresti ' ic t ed replacemen t o f said laser chamber with o u t disturbance of said 
LNP or said ou t pu t c o upl e r uni t . 

54: A laser as in Claim 51 wherein said beam enclosure system comprise vacuum 

compa t ible seals. 

55: A las e r as in Claim 54 wherein a plurali t y of said s e als are easy sealing 

b e ll o ws seals c o nfigured for easy removal by hand. 
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56: A laser as in Claim 1 wliciciu said iiieasurem c nt aiid contiol system comprises 

a piimaiy bcdui splitter fui spli t ting ufTa small percentage o f ou t pu t puls e s fiom said laser, a 
se cond beam splitter foi Jiiccting a puiii o n of said small peicentage t o said pulse energy 
detector and a means isolating a v o lume bound e d said primaiy beam splitte r , said secondary 
beam splittei and a window of said pulse energy detector from o ther poi lions of said 
measurement and con t iul system to d e fine an isolated regi o n. 

5f: A las e r as in Claim 56 aiid further euinprising a purge means for purging said 

isolat e d region wi t li a purge gas. 

5ft A laser as in Clahii 57 wherein said laser fiii - tlier comprises an output couple r 

unit and an output window unit said pui - gc means being configured su tliat exliau si from said 
isolated region also purges said output coupler unit and said output window uni t . 

59: A laser syst e m as in Claim 1 wherein said system is configured to operate 

e ilhei of a lOr laser systun, an Air lasu sysleni or an Fa las t i system with minor 
liiodifications. 

60. A laser system as in Claim 1 wherein substantially all components are 
contained in a laser enclosure but said the system comprises an AC/DC module physically 
separate from the enclosure. 

61 . A laser system as in Claim 1 wherein said the pulse power system comprises a 
master oscillator charging capacitor bank and a power amplifier charging capacitor bank and 
a resonant charger configured to charge both charging capacitor banks in parallel. 

62. A laser as in Claim 12 6t wherein said Ihfi pulse power system comprises a 
power supply configured to furnish at least 2000V supply to said the resonant charg[esling 
system. 
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69: A laser as iu Claim 1 and fiiith e i comprising a gas coiitiol sys t em fo r 

controlling V2 toacentialiuns in said first lasci gas t o control master oscillator beaiii 
parameters. 

64: A las e r as in Claim 1 and further comprising a gas control sys t em fo r 

controlling laser gas pressure in said first laser gas to control master usLilldiui beam 
paiametcrs. 

65. A laser as in Claim 2 and further comprising a discharge timing controller for 
triggering discharges in said the power amplifier to occur between 20 and 60 ns after 
discharges in said the master oscillator. 

66. A laser as in Claim 2 and further comprising a discharge timing controller 
programmed to cause in some circumstances discharges so timed to avoid any significant 
output pulse energy. 

67. A laser as in Claim 66 wherein said the discharge timing controller in said 
some circumstances is programmed to cause discharge in said the power amplifier at least 20 
ns prior to discharge in said the master oscillator. 

68: A laser as in Cldini 1 and further tuiupii&ing d pulse mullipliu unit for 

increasing dur a t i o n of output pulses fi ' om said laser. 

69: A laser as in Claim 68 wherein pulse iiiultiplier unit is arranged t u icecive said 

output pulse laser beam aiid t o multiply the number o f pulses per second by at leas t a fac t or o f 
two so as to produce a single mullipliei output pulse beam comprised of a lai ' ger number o f 
pulses wi t h subs t an t ially reduced intensi t y values as compaicd with the laser output pulses, 
and pulse multiplier unit comprising: 

fi) a first beam spli t ter a t idiiged to sepai - ate a poition of said 
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outpu t beam, the s e parated poition defining a delayed p o rtion, 
diid the output beam defining a beam siz e and angulai ' spread 
at said firs t beam spli tt er; 

(2) a firs t delay path originating and termina t ing a t said firs t b e am 

splitter said first delay path comprising a t least two focusing 
mirrors, said mirr o rs being arranged to focus said delayed 
poition at a focal point wi t hin said firs t delay path and to 
return said delayed portion to said first beam spli t ter with a 
beam size and angular spread equal t o or approximately equal 
to the beam size and angulai spread o f th e o u t put beam a t said 
first beam spli t ter. 

^0: A laser system as in Claim 6 9 wherchi said at least two focusing miiTors are 

spherical mirrors. 

n: A laser syst e m as in Claim 69 and further comprising a second delay path 

comprising at least two spherical mirrors. 

9t, A laser system as m Claim 69 wherein said fiist delay path comprises four 

focusing mirr o rs. 

9^. A laser system as in Claim 72 and further compiisuig said s e cond delay path 

crea t ed by a sec o nd beam spli t ter located in said firs t d e lay path . 

94: A laser as in Claim 69 wh e rein said first delay path comprises a sec o nd beam 

spli t t e r and further compi isiiig a second delay path eomprishig at least two focusing mirrors, 
said mirrors being arranged to f o cus said delayed portion a t a fecal poin t within said fi r st 
delay path and t o return said delayed portion t o said first b e am splitter with a beam size and 
angular spread equal to or appioximately equal t o the beam size and angular spread of t he 
output beam at said fiisl beam spli t ter. 
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^5: A Idsu as in Cldiiii 09 whtitin &aid fiisl btdin spliUti is configuicd to direct 

d Idsci beam in a t least two diicctions utilizing o ptical piopa t y uf frustra ted internal 
r e flec t i o n. 

76. A laser as in Claim 69 wlicrein said Fu st beam spli t ter is L u nipiiscd of two 
tidiispditnt optitdl cleniuits each elemuit having d fldt surface, said o ptical tlciii L uts being 
positioned with said sui faces pai - all e l to each o ther and sepmated by less than 200 mii. 

77. A lasci as hi Claim 69 whcichi said Cist beam splittci is an uucuated optical 
c l e men t ori e nted at an angle with said o u t put laser beam so as to achieve a desired 
r c fl c ction-tiansmission ratio. 



14 



